Introduction
In ancient Greece they said, "Before arguing we should argue out the terms". These words have not lost its importance so far.
Under fast pace of scientific and engineering progress, as well as of economic globalization, lack of well-established terminology significantly decreases contacts of specialists and impedes the process of search of necessary information [1] [2] [3] [4] . In industry and trade, this situation leads to the fact that goods with the same names can have consumer properties of various levels, but their price is determined by their name. Thus, in a number of cases, the lack of stated terms and their generally recognized definitions cause an unfair competition and leads to significant economic consequences.
To a great extent, the situation of such a kind exists with regard to the sensors with elements of artificial intelligence.
Sensors with Elements of Artificial Intelligence. The Applied Terms and Definitions
In scientific and technical literature, diverse terms for the sensors with the elements of artificial intelligence are used, e.g., "intelligent", "smart", "adaptive", "self-validating", "self-diagnosing", "fault-tolerant", "self-checking", "self-testing", "brilliant", etc. [5-16 and many others].
Most authors [5-8 and others] deem "intelligent" or "smart" those measuring instruments, including sensors, that are equipped with a processor and perform operations usually fulfilled by a human operator, in particular, zero adjustment, linearization, choosing a necessary measurement range, correcting for an influencing factor using an additional transducer and so on. Such sensors are usually connected to a digital bus.
In some cases, the term "intelligent sensor" is defined as the sensor that has one or several intelligent functions. However, this definition does not bring to light the essence of the word "intelligent". Moreover, since "intelligent functions" are not fixed and a quantity of them seems to be increasing, the problem of distinguishing the sensors into more intelligent and less intelligent ones, will appear. Therefore, the application of the above definition will be of no sense.
Definition of smart or intelligent sensor in [12] is based on two definitions given in [13] and [14] . In accordance with [12] , "smart sensor is an electronic device, including sensing element, interfacing, signal processing and one-or several intelligence functions as self-testing, self-identification, self-validation or self-adaptation". However, this definition does not distinguish instruments with significantly different consumer features and complexity.
Unfortunately, this definition is ambiguous too, since a question arises whether a sensor defined in this way can be named "intelligent" if:
• "self-testing" relates only to a signal processing unit of the sensor or • the sensor has a self-adaptation function, but does not have a self-testing function (or vice versa). According to [10] , intelligent sensor is a self-validating sensor that produces an estimation of measurement value, measurement uncertainty and a discrete valued flag indicating how the measurement value and uncertainty have been calculated. In essence, a similar definition was used in [11] , where such sensors were called self-diagnosing, self-validating, or self-calibrating.
A number of definitions concerning sensors and transducers with the elements of artificial intelligence have been included in national standards and international guides which do not relate to metrology (e.g., [17] [18] [19] [20] ).
In particular, according to [17] , a smart sensor is a transducer, which converts a physical, biological, or chemical parameter into an electrical signal and provides functions beyond those necessary for generating a correct representation of a sensed or controlled quantity. This functionality typically simplifies the integration of the transducer into applications in a networked environment.
Therefore, it is evident from these examples that, on one hand, the same terms are interpreted in a different way, but on the other hand, different terms are used to express the same ideas. These terms were not included in the international vocabulary VIM [21] .
Evolutionary Analysis Method
Prof. Turing proposed to identify a technical instrument (machine) as "intelligent" if a human judge observing its reactions cannot reliably recognize whether he communicates with a human or with a technical instrument. As it follows from [22] , such a test is not effective for very special instrumentation, and accordingly, for sensors.
In order to single out a minimum set of sensor features, which allow to consider a sensor to be "intelligent", it is useful to formulate the ultimate purpose intelligence serves in Nature, and to find its analogue for a sensor. Such an approach corresponds to the approach of Prof. Winer and Mr. Lem who proved the efficiency of the analogy between the development of biological and technical systems. At present, such an analogy is actively developed in evolutionary cybernetics and gives an opportunity to predict future trend of development of technical systems on the basis of evolution in Nature.
The analysis has shown that the ultimate purpose, intelligence serves in Nature is to ensure the survival of its possessor [23, 24] .
During the process of evolution, intelligence turned out to be the most powerful factor for enhancing the survival of biological systems under changing conditions. The growth of biological intelligence is concerned with both the ensuring survival under increasingly rapid environmental changes and the need to avoid future threats.
While the ultimate purpose of intelligence is to ensure the survival of a biological system, the purpose of artificial intelligence in a sensor shall be to enhance metrological reliability (to increase calibration or verification interval).
Intelligence evolution implies the improvement in cognition of reality. Evolution of intelligence is associated with increase in the number of sensing elements and development of complexity of "biological sensors", including those, which provide identification of illness or the sense of pain.
Accordingly, sensor which could be named "intelligent" shall have the ability:
• to perceive and process additional (in comparison with the "unintelligent" sensor) information;
• to check (diagnose) automatically its metrological serviceability.
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Development of the sensors with a structure that enables organizing automatic metrological diagnostics of the separate sensors during their operation was started in Russia at the end of 80s. A little later scientists in the UK, USA, Germany also began actively develop this field.
It follows from the evolutionary analysis that the corresponding works are the natural stage of development of measuring instruments and measuring systems. Therefore, these works have a long perspective.
Suggestions on Terminology in the Field of Intelligent Sensors and Systems
Nowadays, in Russia a state standard is being under development, the purpose of which is to establish the terms and definitions related to intelligent sensors and intelligent measuring systems.
A draft of the above standard explicates the terminology of the VIM [21] , as well as takes into account a concept [23, 24] and grounds [1] [2] [3] [4] .
Below, the most important terms and their definitions are given.
Metrological self-check of sensor: an automatic procedure of testing the sensor metrological serviceability within the process of its operation, which is realized using an accepted reference value, formed with the help of an additional (redundant) embedded element (measuring transducer or material measure) or of an additional parameter of an output signal.
The metrological self-check of a sensor can be realized in the form of metrological direct selfcheck or metrological diagnostic self-check.
Metrological direct self-check of sensor: a metrological self-check performed by means of evaluating the deviation of a measured value from an accepted reference value formed by an embedded element (redundant measuring transducer or material measure) of a higher accuracy.
Example: automatic estimating of deviation of a measured temperature value from a reference value in a temperature sensor. The reference value is a melting-point of metal in a capsule embedded in the sensor. The capsule with metal serves as an embedded measure of a higher accuracy.
Critical (dangerous) error component: a dominant error component or component inclined to fast increase over specified limits.
The critical error component is detected on the basis of metrological studies at the stage of the sensor development.
Metrological diagnostic self-check of sensor: a metrological self-check performed by evaluating the deviation of a parameter characterizing the critical error component from its accepted reference value.
Example of a metrological diagnostic self-check: a temperature sensor that contains several thermocouples (e.g. of different types), which have close accuracy. Usually, the critical error component is a non-identical drift of thermocouple parameters.
The average value of thermocouple signals, which was evaluated at the previous calibration, can be used as the accepted reference value.
The metrological diagnostic self-check can be performed by evaluating the difference between the thermocouple voltage and accepted reference value.
Metrological diagnostic self-check of sensor is performed without any embedded instruments of a higher accuracy.
Adaptive sensor: a sensor parameters and/or work algorithms of which during operation can change depending on signals from transducers it contains.
The improvement of efficiency (measurement accuracy and level of confidence, as well as decrease in man-hours during operation) is performed, e.g. by automatic change of measurement range or measurement time, by correction of the "zero", etc. Such changes can be provided with the help of signals from an influence quantity transducer and/or of other signals.
Example: A pressure sensor in which automatic correction of an output signal under a temperature variation is carried out using an embedded resistance thermometer and microprocessor.
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Intelligent sensor: an adaptive sensor performing the function of metrological self-check. Example: an intelligent capacitive sensor of a distance between the sensor and a conducting flat body, which contains at least, two flat electrodes (main and additional ones), as well as a microcontroller. The additional electrode is shifted with respect to the main electrode in a direction perpendicular to its surface.
Let us suppose that the critical error component is caused by non-identical fouling the electrode surfaces. The voltage difference evaluated for the electrodes at a distance measured with the help of the main electrode, which was evaluated at the previous calibration can be used as the accepted reference value.
The metrological diagnostic self-check can be performed using the deviation of the voltage difference evaluated within the process of operation from the accepted reference value.
An intelligent sensor can
• transfer information about metrological serviceability;
• in some cases, perform automatic correction of an error resulting from ageing of components and effect of influence quantities; • in a number of cases, perform self-recovery of the sensor if a single defect appears in it. Self-recovery: an automatic procedure of damping the metrological consequences of a malfunction, i.e. the procedure of providing fault-tolerance.
Fault tolerance: the capability of a sensor to keep metrological characteristics within the permissible limits, when a singular malfunction arises in it.
Sensor with information redundancy (intelligence-oriented sensor): a sensor which enables to form reference value on the basis of additional parameter of an output signal or with the help of the embedded element and to perform the function of metrological self-check, when the sensor is connected to a signal processing unit.
The need for intelligence-oriented sensors is caused by the necessity of spatial separation of the sensor and the signal processing unit. Such a need can arise if the sensor environment is harsh (not appropriate for electronics) or in case of centralized data acquisition in a measuring system.
Main features of the definitions given above can be applied to a measuring system. In particular, according to the concept described: intelligent measuring system: an adaptive measuring system performing the function of metrological self-check; adaptive measuring system: a measuring system parameters and/or work algorithms of which during operation can change depending on signals from transducers it contains.
Conclusion
In order to share experiences with regard to development of intelligent sensors and systems, scientists and engineers need an agreed terminology. At present, the terms and definitions are not well-established in this field.
The suggestions based on the terms and definitions included in the draft of the Russian state standard were given in the paper. After discussions, it is planned to propose to incorporate some terms and definitions from this draft into a future version of the VIM.
